Indonesian tropical soft corals are valuable resources that produce pharmacological cytotoxic cembranoids. However, the manual structure determination in these compounds requires adequate knowledge of organic chemistry. This study presents the application of Logic Structure Determination (LSD) as a freeware Computer Assisted Structure Elucidation (CASE) for automatic molecular structure determination of cembranoid compounds from soft corals species. 12 Nuclear Magnetic Resonance (NMR) datasets of cytotoxic cembranoids were used to evaluate the accuracy of LSD in generating the possible structures. The results of this study shows that LSD generated numerous possible molecular structures as the data input files were only derived from 2D-NMR HMQC (Heteronuclear MultipleQuantum Correlation), COSY (Homonuclear Correlation Spectroscopy), and HMBC (Heteronuclear Multiple Bond Correlation). The accuracy was significantly enhanced (only 2-4 possible cembranoid structures from each NMR dataset) with the addition of H2BC (Heteronuclear 2 Bond Correlation) experimental data. This may indicate that VLRC (Very Long-Range Correlations) significantly affects LSD capability. Furthermore, LSD with direct 2 bond NMR experimental data is a reliable CASE technique for cembranoid compounds identification. In general, this freeware-CASE has the potential to be applied on other types of small molecule compounds and may serves as a solution for elucidation bottleneck step in studies on Indonesian natural products.
Introduction
Soft coral is a marine organism that produces metabolites through pharmacological activity. There are 2,628 new chemical compounds from soft corals reported by various researchers between 1990 and 2009 (Leal et al., 2012) . A review on soft coral metabolites shows that 61% of all secondary soft corals metabolites is terpenoid class, commonly the cembranoid subclass compound (Rocha et al., 2011) . Manual elucidation through this type of natural product needs a careful inspection of spectroscopic Nuclear Magnetic Resonance (NMR) dataset. Numerous combinations of functional groups, such as hydroxyl, carbonyl, epoxy, and lactone, may be attached to the main cembranoid ring system in several positions. Therefore, manual molecular structure determination of cembranoids requires careful inspections by skillful researchers.
Even though international collaborations have shown increasing new f indings on bioactiv e compounds from marine resources, molecular structure elucidation capacity in Indonesian marine natural products study has not shown significant increase over the last two decades. A bibliographic study shows that only 8 Indonesian scientists contributed as the main principal authors (1 st author) in international publications in the theme of the new findings of natural products from Indonesian sponges and soft coral between 1994 and 2015 (Januar, 2016a) . This becomes a problem because information on metabolites structure is important to evaluate the potency of new drug candidates (Ahlqvist et al., 2015) . Therefore, a breakthrough is needed to increase new findings of natural products from Indonesian marine resources, particularly from soft corals species.
Computer Assisted Structure Elucidation (CASE) is a potential technique to solve the complexity and to improv e timescales in molecular structure determination process (Blinov et al., 2001; Reynolds & Mazzola, 2015) . This program aims to generate all possible structures that are consistent with a particular set of spectroscopic data with minimum amount of human intervention (Jaspars, 1999) as there are evidences of incorrect natural products structures in several publications (Elyashberg et al., 2010) . Furthermore, CASE may serves as a solution for limited connectivity of 2D NMR information that may not be able to be solved through manual elucidation (Blinov et al., 2003a ). An example of this is quindolinocryptotackieine, a complex C 31 H 20 N 4 alkaloid. The structure of this compound was elucidated by CASE after a decade effort of manual elucidation by experienced spectroscopist (Blinov et al., 2003b) .
One of the most reviewed CASE is StrucEluc, a commercial software from ACD Labs. StrucEluc has proven itself to be a powerful tool in automatic computer assisted structure elucidation (Elyashberg et al., 2002; Jayaseelan & Steinbeck, 2014) . However, as a commercial application, the cost of using this software may beyond the average marine natural products laboratory in Indonesia. As an alternative, recent developments by various scientists have produced several freeware CASE techniques under General Public License (GPL). One among these is Logic Structure Determination (LSD) software. So far, previous studies have shown that LSD successfully elucidates flavonoid, alkaloid, and steroid compounds (Mulholland et al., 2006; Elyashberg et al., 2010; Hubert et al., 2015) . However, none of those studies had been applied to cembranoid class. This study presents the application of LSD as CASE technique for automatic structure elucidation on cembranoid compounds from soft corals species. The study aims to examine the accuracy of LCD in generating cembranoid structures from 1D and 2D NMR dataset.
Material and Methods
The structures of 12 cembranoids from Nephthea sp., Sarcophyton sp., and Sinularia sp. collected from Banda, Bunaken, and Mahengetang Island were used in this study (Figure 1 ). Figure 1 also shows the main connectivity of each atom in the structure, which was derived from 2D-NMR dataset and was previously used to manually elucidate the cembranoids structures. All NMR spectra were recorded in our previous study (Chasanah et al., 2014a; 2014b; Januar et al., 2016b) at 3.5-14.3 mg/ml cembranoids (in 0.7 ml deuterated chloroform) on Jeol ECS 400 MHz NMR spectrometer, with spectra referenced to residual 1 H and 13 C resonances in the deuterated solvents.
The LSD software version 3.4.9 was downloaded from http://eos.univ-reims.fr/LSD/index_ENG.html. The LSD data input file of each cembranoid (based on NMR data) was carefully made according to Nuzillard (2013) . The data input file of each cembranoid was made in two versions. The first was a data input file that contains HMQC (Heteronuclear Multiple-Quantum Correlation), COSY (Homonuclear Correlation Spectroscopy), and HMBC (Heteronuclear Multiple Bond Correlation) data NMR experiments. The second was a data input file that contains HMQC, COSY, HMBC, and H2BC (Heteronuclear 2 Bond Correlation) 2D-NMR experiments. This design was aimed to analyze the effects of VLRC (Very Long-Range Correlations), which usually observes COSY and HMBC experiments, on LSD's capabilities to generate the possible structures.
Results and Discussion
This study used several types of cembranoids from three soft coral families: hydroxy-cembranoids from Nephthea sp., oxy-cembranoids from Sarcophyton sp., and lactone-cembranoids from Sinularia sp. Genotype analyses by other studies have shown that although soft coral species produce the same type of cembranoid as 14 carbon backbone ring, the variation in functional groups may serve as a chemotype for each soft coral species (Aratake et al., 2012) . All of these cembranoids were found to be toxic for tumor cell lines (MCF-7, HeLa, or T47D) in our previous study, with IG 50 under 50 mg/l (Chasanah et al., 2014a (Chasanah et al., , 2014b Januar et al., 2016b) .
LSD relies on the connectivity data found in 2D-NMR without any reference to chemical shift database (Elyashberg, 2015) . This CASE works differently from the comm erci al ACD StrucEluc, which can automatically import NMR data directly from spectrometer and can count the spectroscopic chemical shift into the calculation of possible structure building. The principle of this software is defining all 1 H" 1 H and 1 H" 13 C through-bond chemical shift correlations detected in HMQC, COSY, HMBC, H2BC, or other 2D-NMR spectra of the target compound (Hubert et al., 2015) . The user has to define and to input each hybridization state, the number of attached hydrogens, and the electric charge as well as the correlation (by COSY, HMBC, and H2BC, or other (Chasanah et al., 2014a; 2014b; Januar et al., 2016b) .
H.I. Januar et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 11 (1) 2016, 1-6 correlation experiment in 2D-NMR) of particular atom in the targeted molecule on this software manually. As a free CASE, this study suggests that the manual input of the dataset is easy to be conducted and only needs basic knowledge of organic chemistry.
The verification into LSD software accuracy showed that this program generated 20-94 possible structures without H2BC experimental data and 2-4 possible structures with H2BC experimental data (Table 1 ). An important limitation of NMR-based structure elucidation, with manual elucidation or computer assist, is VLCR. VLCR may exists in COSY and HMBC through more than 3 (HMBC) or 4 (COSY) chemical bonds (Mulholland et al., 2006) . This study shows that VLCR significantly affects the LSD calculation to generate the possible structures. In cembranoids, the circular ring without any N or O in the main carbon backbone may affect numerous VLCR in COSY or HMBC spectra. Figure 1 shows the common VLCR on cembranoids from C-18 to C-7, which in manual elucidation may confuse the actual position of C-7. There are solutions to avoid VLCR effects. First, user can decide manually whether each correlation is a VLRC or not based on the qualitative estimation of their intensity (Mulholland et al., 2006) . However, as shown in Table 1 , the use of HMQC, COSY, and HMBC with the estimation of small intense correlation as VLCR results in a numerous possible structures. It needs careful inspections to manually remove VLRC one by one in COSY or HMBC spectra. An experienced chemist may be able to do this, but it is considered as a time-consuming task for a beginner.
The most potential solution is to use 2 bond correlation NMR data, such as 1.1 ADEQUATE (Abundance Double Quantum Transfer Experiment), INADEQUATE (Incredible Natural Abundance Double Quantum Transfer Experiment), and H2BC (Plainchont et al., 2013) . ADEQUATE and INADEQUATE show direct two bond correlation between neighboring carbons. However, both of these experiments need larger amount of samples and longer acquisition time compared to the usual 2D-NMR experiment because the natural viability of 13 C is very small. It may also needs high frequency NMR machine. In our previous study, a 400 MHz NMR did not generate sophisticated INADEQUATE spectra (5-10 mg samples). Meanwhile, H2BC is a 2D-NMR method that shows HMBC-type spectrum, almost exclusiv ely only two bond correlations spectra (Nyberg et al., 2005) . This experiment relatively has lower demands of NMR equipment than direct 13 C-
13
C experiments. Our 400 MHz NMR can generate sophisticated H2BC spectra from 3-5 mg sample. Figure 2 shows an example of HMBC and H2BC experiments from 11,12-epoxy-sarcophytol A. A VLCR in HMBC appears from H-14 to C-10 and C-11, and also from H-5 to C-1. Signal intensity in HMBC is not regarded to be a reliable parameter to deduce VLCR correlation or 2-3 bond correlation. With H2BC data, deducing the neighboring atom can be done by ov erlaying the H2BC on HMBC spectra. The interpretation from H2BC significantly enhances the accuracy of LSD in predicting correct cembranoid structures. An example of LSD results with H2BC experimental data (15-hydroxy-Cembrane and 2-hydroxy-Nephthenol) is shown in Figure 3 . With H2BC data, the possible structures are detected to be different within isomer, only in the variation at two double bonds assignment. The amount of possible structures increased with the amount and the complexity of functional groups in the cembranoid backbone ring system. In general, this study shows that the application of LSD with H2BC experiment is a reliable CASE for elucidating cembranoids from soft corals. Although it is not as powerful as the commercial CASE and still needs user interferences to assign the properties of each atom, this elucidation method can generate a sophisticated results. The correct structure can be selected among 2-4 possible structures by searching in the open natural products database, such as chemspider (http://www.chemspider.com) or NCBI (National Center for Biotechnology Information) database (https://pubchem.ncbi.nlm.nih.gov). Other studies have also shown that LSD may be applied on other types of compounds, such as flavonoid, steroids, and alkaloids (Mulholland et al., 2006; Elyashberg et al., 2010; Hubert et al., 2015) , and that the application of LSD with direct 2 bond NMR experimental data is a reliable CASE technique to identify small molecule bioprospecting compounds in natural products studies. 
Conclusion
LSD with direct 2 bond NMR experimental data is a reliable CASE technique to identify cembranoid compounds. This GPL-CASE may also be applied on other types of small molecule bioprospecting compounds and may serve as a potential solution for elucidation bottleneck step in Indonesian marine natural products studies.
